Abstract -Anaerobic digestion is an important alternative for domestic wastewater treatment, especially in warm climate regions. Two full-scale anaerobic schemes were investigated: septic tank combined with anaerobic filter (S T A NF ) and conventional UASB reactors. Treated effluents from these systems were subjected to disinfection by chlorination. The operational performance of 56 full-scale plants (36 S T A NF and 20 UASB) provided a realistic view. Findings showed that the plants operated with low OLR (< 2.0 kg COD/m 3 .day). Despite this, the removal of organic material was below values suggested by the literature (around 60% for COD). A removal of 4.0 Log 10 units of total coliform and E. coli can be reached with residual chlorine (R CL ) of at least 2.0 Cl-Cl 2 /l. Although UASB plants have performed better, improvement of maintenance is needed in both treatment configurations.
INTRODUCTION
Technologies for municipal wastewater treatment are diverse with respect to configuration, performance and complexity. Advanced technologies achieve high pollutant removal, but impose economical and technical restrictions. In this sense, the adoption of low-cost technologies for low-income communities is a necessity. These technologies are particularly interesting for densely populated urban and suburban areas in developing countries, where complex socioeconomic inequalities are more evident. This imbalance is also related to the availability of appropriate wastewater infrastructure (i.e. collection and treatment). When existent, these wastewater systems are usually unreliable and deficiencies are quite noticeable (Oliveira et al., 2006; Muga and Mihelcic, 2008) .
The benefits of wastewater systems are clearly recognized. They improve human health and protect the environment. However, their expansion and universalization in developing countries should be a gradual process. Also, evolution of efficiency should assure an acceptable level of health safety combined with the concept of sustainable technology (von Sperling and Chernicharo, 2002) . Within this context, anaerobic systems are very attractive due to low capital cost, operational simplicity and low production of solids. In countries like Brazil, anaerobic digestion for wastewater treatment is favored by the predominance of a warm climate.
Among the anaerobic reactors the septic tank is probably the most disseminated. It was developed during the last quarter of the 19 th century. However, its diffusion took place only in the nineteen-thirties (Azevedo Netto, 1985) . Attention to the treatment of effluents from septic tanks by anaerobic filters was brought by Raman and Chakladar (1972) . This paper followed a fundamental study conducted by Young and McCarty (1969) .
The Brazilian Engineering Standards considered the use of septic tanks in 1963. The subsequent standards (NBR 7229/1982 and 1993) emphasized the need for reducing the organic content remaining in effluents from septic tanks by means of upflow anaerobic filters. The combination of septic tanks with upflow anaerobic filters (S T A NF ) was considered as a temporary solution for wastewater treatment in low density urban areas. However, the reality of sanitary infrastructure in the country did not allow adoption of more efficient systems. Probably this is why septic tanks combined with anaerobic filters (S T A NF ) became a widespread community system for domestic wastewater treatment in Brazil (Kamiyama, 1993; Oliveira et al., 2006) . Regarding this, Massoud et al. (2009) point out that indiscriminate use of lowcost technology aims to avoid excessive costs required by large centralized structures.
In Brazil the research on UASB technology begun during the second half of the 1980s and stemmed from the seminal paper by Lettinga et al. (1980) . Although the UASB reactor had been conceived for wastewaters with high organic content, later discussions recommended its application for domestic wastewater treatment . Presently, the UASB concept is used to treat many types of wastewaters (e.g., Silva et al., 2011; Firmino et al., 2011) and reviews on its use in tropical countries can be found in Foresti (2002) and Lettinga (2011) .
Compared to other anaerobic reactors the active sludge biomass in UASB reactors provides higher performance. This technology has been presented as equivalent to a secondary treatment. However, many of the results reported come from experimental and pilot scale studies, in which influent characteristics are fairly well controlled (e.g., Banu et al., 2007; Elmitwalli and Otterpohl, 2007; Paula Jr. and Foresti, 2009; Chelliapan et al., 2011) .
Anaerobic systems are designed for the removal of organic material and their effluents require posttreatment, at least for pathogen removal. Effluent chlorination is an alternative widely employed due to its technological and economic viability (Wang, 2007) . In general, disinfection is performed with chlorine as either sodium hypochlorite or calcium hypochlorite (WEF, 1996) . Nevertheless, it is important to remember that chemical disinfectants potentially result in byproducts that pose direct or indirect health risks (Chernicharo, 2006; Debord and von Gunten, 2008) .
As comparisons and discussions are required for technological evolution, this paper addresses a comparative evaluation between these two anaerobic schemes (UASB and S T A NF ) and provides a more realistic view of their applications.
MATERIALS AND METHODS
A survey was conducted to provide a profile on the technologies used to treat domestic wastewater in Ceará state (2°46'20"-7°52'15" S; 37°14'50"-41°24'45" W), Northeastern Brazil. The population of Ceará state is approximately 8.5 million with 75% residing in urban areas. Onsite systems are the treatment solution for 58% of the urban population. The most urbanized area is the Metropolitan Region of Fortaleza (3º 43' S; 38º 32' W) that comprises 15 municipalities and a population of 3.6 million. About 39% of this population is served by complete sewerage systems (IPECE, 2010) .
There were 256 treatment plants for municipal wastewater in urban areas of Ceará state at the beginning of 2011. The population served ranged from 120 to 150,000 inhabitants. The most employed technologies were waste stabilization ponds (90 plants) and plants comprised exclusively of anaerobic reactors followed by chlorination (113 S T A NF and 41 UASB). The remaining plants were constituted by activated sludge systems and UASB hybrid systems.
After this initial survey, fifty six treatment plants based on anaerobic digestion were selected for the study. Among these plants 36 were comprised by septic tanks followed by anaerobic filters (S T A NF ) and 20 by UASB reactors. The criteria for plant selection were: availability of reliable design information, performance of regular maintenance, and in operation for at least five years. All plants were located in the Metropolitan Region of Fortaleza. They were built in areas with limited space, mainly housing estates and where slum urbanization interventions occurred.
On average, each S T A NF plant served 2,141 inhabitants (ranging from 387 to 4,643 inhabitants), whereas the UASB plants served on average 3,047 inhabitants (ranging from 691 to 4,197 inhabitants). The engineering design of the S T A NF plants followed ABNT recommendations (1993) . The theoretical hydraulic retention time (HRT) of the septic tanks was set to 0.58 day. All anaerobic filters were upflow, with rock media diameters ranging from 50 to 76 mm and 1.20 m in depth. The hydraulic loading rate applied to filters was 0.78 m The final effluent of each plant was subjected to chlorination via sodium hypochlorite solution and contact time of 30 minutes.
During one year 11 (±1) grab samples of raw wastewater and treated effluent were taken from each plant and collected around 10:00 am. This procedure followed the Standard Operating Procedures (SOP) provided by the water and wastewater company responsible for the plants. Influent wastewater was collected just after the preliminary treatment unit (screening and grit removal). However, 21 of the S T A NF plants did not have this structure. The samples of treated effluents from all plants were collected at two points: before and after the contact tank for disinfection.
The raw wastewater and treated effluent collected before the chlorination tank had the following parameters analyzed: pH, chemical oxygen demand (COD), total suspended solids (TSS), settleable solids (S SL ), turbidity (Turb) and oil and grease (O&G). The effluents leaving the contact tank (i.e., after chlorination) were analyzed for total coliform (TC), Escherichia coli (E. coli) and residual chlorine (R CL ). Ambient and sample temperatures were determined in loco. All analytical procedures followed the methods described in APHA (1998). The flow rate (q) was estimated as 80% of the water consumption measurements provided by the company responsible for water and wastewater services.
RESULTS AND DISCUSSION
The average temperature for both influent and effluent of any of the treatment schemes was 31.0 °C (±1) and reflected the warm climate in the region (mean temperature of 26.7 °C ±0.6).
Initially the results were grouped according to each anaerobic scheme as shown in Tables 1 and 2. In the S T A NF plants the influent COD, TSS, S SL and turbidity were stronger than in UASB plants. This was verified by standard parametric t-test for large samples (at α = 0.05) and non-parametric Kolmogorov-Smirnov test. For other parameters there was no significant difference in variance. For bacterial densities the statistical analysis required data transformation (Log 10 ).
The normality of grouped data was suggested by the variation coefficient of (for CV ≤ 0.5), parametric F-test (one-way analysis of variance) and nonparametric tests of Kolmogorov-Smirnov and Lilliefors. However, data transformation provided a closer approximation to lognormal distribution. As reported by Berthouex and Hunter (1983) and McBean and Rovers (1998) , in most cases the lognormal distribution is more representative. These authors highlight that normal distribution does not offer feasible numbers due to the negative values for such assumptions. Despite this, for both inffluent and effluent, data transformation of COD, TSS, S SL , TSS and turbidity did not offer a conclusive answer for lognormal fitness. A possible explanation for S T A NF plants present stronger influent is that most of them did not have a preliminary treatment unit. Also, many of the S T A NF plants were buried structures with access only at the ground level and this impose a certain difficulty for maintenance. Eventhough, there was no significant difference (at 0.05 level) in S T A NF influents, with respect to the existence of preliminar treatment.
For grouped results, effluents from S T A NF plants showed higher concentrations compared to UASB. Considering only mean values the differences were more significant for TC, E. coli, COD, TSS and O&G. The effluents from the anaerobic schemes were also analyzed with respect to the compliance with discharge limits established by SEMACE Figure 1 . The UASB plants performed better for COD, turbidity, settleable solids and E. coli, while S T A NF showed slightly higher numbers for TSS and oil and grease.
Individual analysis on the performance of the plants also revealed that UASB plants were better than S T A NF plants. By comparing basic central tendency measures, Table 3 shows a summary of pollutant removal and mean deviations relative to the performance of both plant types. In general, the efficiency of removal of organic material (COD and TSS) in the two anaerobic treatment configurations was lower than that reported in the literature. In UASB reactors the removal was below expectations even considering the lower limits. Chernicharo (2006) reports typical TSS removal ranging from 65% to 80% and COD removal from 55% to 70%.
In these systems lower efficiency may occur due to low flow rate fluctuations during the night, when solids of the sludge blanket tend to settle, with a decrease in mixing with the influent. Also, peak flows may drag upper sludge layers upward. This, combined with the release of biogas to the water bulk, may cause an increase in concentrations of TSS in the effluent. Lower efficiency is also caused by the accumulation of scum in the liquid/biogas interface, with reduction in the regular release of biogas in this interface. Leitão et al. (2006) highlight that fluctuations in wastewater (hydraulic and composition) affect the performance of reactors. This may cause an imbalance among metabolic groups of microorganisms involved in the treatment.
Numbers for S T A NF performance were even worse. In the Brazilian Engineering Standard NBR 13969 (ABNT, 1997) estimates for TSS removal range from 60% to 90% and for COD from 40% to 70%.
Only 17% of the S T A NF plants reached an average COD removal of 60%. For this same level of treatment, 60% of the UASB plants performed similarly. Also, assuming a removal of 60% for TSS, only 28% of the S T A NF plants achieved this figure, compared to 40% in UASB plants. The S T A NF plants also showed higher variability in performance compared to UASB plants, as indicated by the statistics of central tendency and mean deviation shown in Table 3 .
Septic tanks perform as primary treatment systems with COD removal ranging from 30 to 50% . The release of biogas from sludge at the bottom of the tank enhances contact between the bacterial biomass and organic material in the influent. However, this may have a negative effect with flotation of solids and eventual discharge in the effluent. For this reason, it is recommended that the effluents from steptic tanks be subject to a further treatment to reduce concentrations of COD and TSS. However, results from S T A NF plants suggest that filtering material was clogged. Clogging occurs with continued operation and the sloughed biomass in upflow anaerobic filter accumulates in the bottom portion (Jawed and Tare, 2000) . Also, part of the biomass that grows on the fixed media is incorporated into the suspended solids in the effluent because of shear stress caused by the water flow. Bodkhe (2008) stresses that an efficient removal of solids prior to entering the anaerobic filter can minimize clogging. Thus, the effectiveness of the combined system strongly relies on the adequate performance of the septic tank.
The flow rate variation (q) in the plants was around 78% of the mean value. Estimates showed a per caput contribution of 83 l/day. This value was lower than that assumed in the original designs (150 L/caput.day). The mean HRT in S T A NF systems was 2.16 days (ranging from 1.20 to 8.50 days). For this computation the rock media volume in the anaerobic filter was discounted. In UASB plants the mean HRT was 0.47 days and ranged from 0.27 to 1.89 days.
The applied volumetric organic loadings as COD (OLR), and as total suspended solids (TSS LR ), are presented in Table 4. This table also Effluent samples with no R CL (i.e., non-chlorinated) were 36% in S T A NF systems and 13% in UASB. Total coliform and E. coli densities in nonchlorinated effluents were not significantly different in both configurations (at the 5% level of significance). In non-disinfected effluents the average removals of TC and EC in S T A NF plants were 1.146 and 0.956 Log 10 units, respectively. In UASB plants the average removals were 1.464 and 1.011 Log 10 units for TC and EC.
In raw wastewater the differences in statistical variances were high and p-values were < 0.001 compared to treated effluent, in which p-values were closer to α (0.05). In disinfected effluents the bacterial densities were not significantly different, though UASB plants showed lower counts. This is explained by a higher variance of R CL concentration in S T A NF effluents. As shown in Table 2 , the R CL concentration in S T A NF effluents had a lower mean value.
In effluents with residual chlorine there was a statistical correlation between total coliform and E. coli removal (r = 0.9439, α = 0.05). E. coli removed (Log 10 units) represented about 90% of the TC removed.
Analysis of variance showed that values of R CL ≥ 1.0 mg Cl-Cl 2 /L imposed a significant reduction in coliform numbers, with a greater difference for E. coli (p = 9.8E-4). Effluents with R CL ≥ 1.0 mg ClCl 2 /L were present in 59% of the samples from S T A NF systems and 82% of the samples from UASB systems. Comparing removals of CT e E. coli for R CL ranging from 1.0 to 2.0 mg Cl-Cl 2 /L, the ANOVA p values were 0.0222 and 0.0084, respectively. Figure 2 indicates that a concentration of 2.0 mg Cl-Cl 2 /L of R CL can provide a removal of 4.0 Log 10 units of TC and E. coli (EC). However, it is important to minimize dispersion in R CL concentrations (i.e., maintain the CV as low as possible). A Monte Carlo simulation was applied to the removal observed in the present study and the results showed a risk of failure of 22 and 27%, for TC and E. coli, respectively. Increasing minimal R CL to 2.5 and 2.8 mg Cl-Cl 2 /l and considering only E. coli the simulation resulted in a risk of failure of 10 and 8%, respectively. This approach was performed according to the guidelines of EPA (1997). WEF (1996) and Chernicharo (2006) suggest that R CL concentrations should range from 1 to 3 mg Cl-Cl 2 /L in order to reach an adequate treatment. However, chlorine in solution changes with time, mainly during the mixture, when it undergoes rapid transformation. According to a number of studies (e.g., Narkis et al., 1995; Helbling and Vanbriesen, 2007; Winward et al., 2008 ) the organic content in water interacts with chlorine and prevents its action as disinfectant. Nevertheless, COD, TSS and S SL concentrations did not show any noticeable correlation with bacterial numbers or their removal in the treatment systems (at α = 0.05).
Although UASB reactors performed better, the S T A NF plants appeared to receive less attention in terms of maintenance. In fact, as a whole, all plants need better control practices. The need for proper maintenance is evidenced by bacterial removal variation and peaks in COD, TSS and S SL concentrations in the treated effluents.
In UASB reactors attention should be paid to hydraulic load, upflow velocity and sludge discharge frequency. With respect to S T A NF systems the height of the sludge layer should be monitored. Broadly speaking the sludge layer should be kept at one third of the tank depth. The anaerobic filters require removal of excess biofilm attached to the media.
CONCLUSIONS
In the year 2011, in Ceará state, Northeast Brazil two anaerobic configurations (septic tanks combined with anaerobic filters -S T A NF and conventional UASB reactors) represented 60% of the community systems in the treatment of domestic wastewater. These plant schemes operated with low OLR (0.37 kg COD/m 3 .day for S T A NF and 1.70 kg COD/m 3 .day for UASB). Regardless of the low loading, the overall efficiency and organic removal rates were below numbers reported in the literature.
In UASB plants the volumetric (0.96 kg COD/m 3 .day) and surface (5.34 kg COD/m 2 .day) removal rates were, respectively, 5.6 and 19.1 times the value achieved by S T A NF plants. Thus, comparitively, the removal rates were quite distinct and reflected the differences between the two concepts. Also, effluents from UASB plants had higher compliance rates regarding environmental regulatory standards.
Concentrations of total coliform and E. coli in non-disinfected effluents of both types of treatment were not significantly different. That said, UASB performed slightly better. With respect to disinfected effluents a minimum concentration of residual chlorine (R CL ) of 2.0 Cl-Cl 2 /l was necessary to reach a removal of 4.0 Log 10 units. However, fluctuations in RCL should be minimized in order to achieve a more dependable performance. E. coli represented 90% of the total coliform densities in the treated effluents.
Although the performance of conventional UASB plants was superior, the results suggest that operational attention (i.e., maintenance) has been neglected, especially in S T A NF plants. Apparently, the increasing interest in UASB has engendered carelessness with regards to S T A NF plants. There is a need for increasing investments to improve maintenance and operation, including personnel training.
